Secondary bacterial infection in skin lesions is a common problem. This review summarises a series of studies of the microbiology of several of these infections: scabies, psoriasis, poison ivy, atopic dermatitis, eczema herpeticum and kerion. Staphylococcus aureus and group A â-haemolytic streptococci were the most prevalent aerobes and were isolated from all body sites. In contrast, organisms that reside in the mucous membranes close to the lesions predominated in infections next to these membranes. In this fashion, enteric gram-negative bacilli and Bacteroides spp. were found most often in buttock and leg lesions. The probable sources of these organisms are the rectum and vagina, where they normally reside. Group A â-haemolytic streptococci, pigmented Prevotella and Porphyromonas spp. and Fusobacterium spp. were most commonly found in lesions of the head, face, neck and fingers. These organisms probably reached these sites from the oral cavity, where they are part of the normal flora. This review highlights the polymicrobial aerobic-anaerobic microbiology of secondarily infected skin lesions.
Introduction
Skin and soft-tissue infections are among the most common infections, and may lead to serious local and systemic complications. These infections can be potentially life-threatening and may progress rapidly; therefore, their early recognition and proper medical and surgical management are important. One of the common causes of skin and soft-tissue infections is the occurrence of secondary bacterial infection that complicates skin lesions. The skin lesions that can be secondarily infected with bacteria are scabies [1] , psoriasis [2] , poison ivy [3] , atopic dermatitis [4] , eczema herpeticum [5] and kerion [6] .
Many wound and skin infections that complicate skin lesions are caused by mixed bacterial flora. Aerobic and anaerobic, gram-negative and gram-positive organisms, whose origins are the endogenous oral, gastrointestinal and skin flora may be present in such infections, where they exist synergically.
This review summarises a series of studies of the microbiology of secondary bacterial infections complicating skin lesions. They were retrospective studies in which the clinical and microbiology laboratory records of patients whose specimens of infected sites were processed for the presence of aerobic and anaerobic bacteria were reviewed.
Scabies
Aerobic and anaerobic bacteria were grown from specimens obtained from 30 children with secondarily infected scabies lesions [1] (Table 1) . Aerobic or facultative bacteria only were present in 14 (47%) patients, anaerobic bacteria only were present in six (20%) patients, and a mixed anaerobic-aerobic flora was present in 10 (33%) patients. Fifty isolates were obtained from the 30 cases (1.7 per specimen); 27 were aerobic or facultative bacteria and 23 were strict anaerobes. The predominant aerobic and facultative bacteria were Staphylococcus aureus (9 isolates), group A streptococci (5), and Pseudomonas aeruginosa (3). The predominant anaerobes were Peptostreptococcus spp. (9) and pigmented Prevotella and Porphyromonas spp. (4) . There were single bacterial isolates from nine (30%) patients; five of these were S. aureus. Sixteen isolates from 12 (40%) patients produced â-lactamase. Micro-organisms that resided in the mucous membranes close to or in contact with the lesions predominated in those infections. Enteric gram-negative bacilli were isolated from leg and trunk lesions. Group IP: 54.70.40.11 
Poison-ivy dermatitis
Bacterial growth was noted in 33 specimens from patients with secondarily infected poison-ivy dermatitis [3] (Table 1) . Aerobic or facultative bacteria only were present in 18 (55%) patients, anaerobic bacteria only in seven (21%) and mixed anaerobic-aerobic bacteria in eight (24%) ( Table 1) . Forty-five isolates were obtained from 33 specimens (1.4 per specimen); 27 aerobic or facultative bacteria, and 18 strict anaerobes. The predominant aerobic and facultative bacteria were S. aureus (13 isolates) and group A â-haemolytic streptococci (6). The predominant anaerobes were Peptostreptococcus spp. (7 isolates 
Eczema herpeticum
Bacterial growth was present in 23 specimens from patients with eczema herpeticum [5] (Table 1) . Aerobic or facultative bacteria only were present in nine (39%) specimens, anaerobic bacteria only in four (17%), mixed aerobic-anaerobic bacteria in eight (34%) and Candida spp. in two (9%). A total of 38 isolates (20 aerobes, 16 anaerobes and two Candida spp.) was isolated, an average of 1.7 isolates per specimen (0.9 aerobes, 0.7 anaerobes and 0.1 Candida) ( Table 1) .
Eight (35%) lesions yielded a single organism (four were S. aureus). S. aureus was present in eight (35%) infections and was isolated from all areas. S. aureus mixed with anaerobic bacteria was found in two instances, once with Pr. acnes and once with a Peptostreptococcus sp. S. aureus was mixed with group A â-haemolytic streptococci in one case. Group A â-haemolytic streptococci were isolated mainly from the extremities. Gram-negative aerobes (P. aeruginosa and E. coli) were isolated from areas on the leg and trunk.
The predominant anaerobes were Peptostreptococcus spp., which were isolated from all sites. Bacteroides spp. were isolated from the leg and pigmented Prevotella and Porphyromonas spp. as well as Fusobacterium spp. were isolated from the fingers, face and neck. â-Lactamase activity was detected in 12 isolates from 10 (43%) patients.
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Kerion
Tinea capitis can induce a severe inflammatory response with the formation of elevated boggy granulomatous masses called kerions, which often contain pustules. A retrospective study evaluated the fungal and aerobic and anaerobic bacteriology of inflammatory tinea capitis in the form of kerions in the scalp hair in 20 patients [6] .
Cultures showed growth of Trichophyton tonsurans in 17 (85%) patients and Microsporum canis in two (10%), S. aureus in seven (35%), gram-negative rods in five (25%), Peptostreptococcus spp. in five (25%) and pigmented Prevotella spp. in three (15%) ( Table 2) . Fungi alone were isolated from five (25%) patients and anaerobic bacteria alone from one (5%). Mixed flora of fungi and aerobic bacteria was found in six (30%) instances, fungi and anaerobes in three (15%) and fungi with aerobic as well as anaerobic bacteria in five (25%). This study illustrated that the isolation of potentially virulent aerobic and anaerobic bacteria from kerions is common. It is not clear whether these organisms colonise or infect the kerions; it is possible that bacteria play a secondary role in the inflammatory signs in kerions of some patients.
Discussion
This review highlights the diversity of the microbiology of secondarily infected skin lesions. However, the relative incidence of individual bacteria in these secondary infections could not be calculated because of the retrospective nature of these studies in that only clinically infected cases were swabbed. S. aureus, the most prevalent aerobe, was isolated from all body sites. Recent data suggest that this organism may induce purulent superinfection as well as enhance the inflammatory process by superantigen-mediated T-cell activation [7] .
In contrast, organisms that reside in the mucous membranes close to the lesions predominated in infections next to these membranes. In this fashion, enteric gram-negative bacilli and Bacteroides spp. were found most often in the buttock and leg lesions. The probable sources of these organisms are the rectum and vagina, where they normally reside [8] . Group A â-haemolytic streptococci, pigmented Prevotella and Porphyromonas spp., and Fusobacterium spp. were most commonly found in lesions of the face, neck and fingers. These organisms probably reached these sites from the oral cavity, where they are part of the normal flora [8] . A similar distribution of bacterial flora was observed in cutaneous abscesses in adults and children [9, 10] and in burns in children [11] .
The isolation of multiple organisms from more than half of the patients illustrates the polymicrobial nature of secondarily infected skin lesions and the potential for bacterial synergy between the different microbial isolates. Several studies have documented the synergic effect of mixtures of aerobic and anaerobic bacteria in experimental infections [12, 13] . Various hypotheses have been proposed to explain such microbial synergy. It may be the result of protection from phagocytosis and intracellular killing [14] , production of essential growth factors [15] or lowering of oxidation-reduction potentials in host tissue [16] .
The data presented demonstrate the presence of â-lactamase-producing organisms in many secondarily infected skin lesions. These organisms not only survive penicillin therapy but also can protect susceptible bacteria from penicillin by releasing the enzyme into the adjacent tissues or abscess cavity [17] .
The effect of local steroid therapy on the initiation and progression of secondary bacterial infection in many secondarily infected skin lesions is uncertain. Steroids may mask inflammation, and may suppress some of the immune response [18] .
The exact pathogenic role of the organisms isolated from secondarily infected skin lesions has not yet been determined. The isolation of aerobic and anaerobic organisms -which are isolated less commonly from skin and soft-tissue infections -from infected skin lesions raises questions about their pathogenic role. However, these organisms are known pathogens in certain types of skin and soft-tissue infections. These include diabetic foot infections [19] , decubitus ulcers [20] and bite wound infections [21] . Therefore, it is possible that they may have a pathogenic role in infected skin lesions. When cultures are obtained from secondarily infected skin lesions, these should be processed for the isolation of anaerobic as well as aerobic bacteria. Although local application of specific therapies (e.g., steroids, anti-scabies insecticides) is the mainstay of therapy, management of secondary bacterial infections is essential. Local application of antibacterial agents and drainage of pus are important components of the treatment of these complications. Treatment of serious skin infection should include systemic antimicrobial therapy. This could be important in the event of poor response to therapy or spread of the infection.
The gram-negative anaerobic bacilli, Prevotella and Fusobacterium spp., previously susceptible to penicillins, have been shown in the past decade to have increased rates of resistance to these and other antimicrobial agents [22] . The production of â-lactamase is one of the main mechanisms of resistance to penicillins by many gram-negative anaerobic bacilli, including the Bacteroides spp. Complete identification and testing for antimicrobial susceptibility and â-lactamase production are essential for the management of infections caused by these bacteria.
Antimicrobial therapy for mixed aerobic and anaerobic bacterial infections is required when polymicrobial infection is suspected [23] . Antimicrobial agents that generally provide coverage for S. aureus as well as anaerobic bacteria include cefoxitin, clindamycin, carbapenems (i.e., imipenem, meropenem), the combination of a â-lactamase inhibitor (clavulanic acid) plus a penicillin (e.g., ticarcillin), and the combination of metronidazole plus a â-lactamase-resistant penicillin. Cefoxitin, the carbapenems and a penicillin plus a â-lactamase inhibitor also provide cover against members of the family Enterobacteriaceae. However, agents effective against these organisms (i.e., aminoglycosides, fourth-generation cephalosporins and quinolones) should be added to the other agents when treating infections that include these bacteria.
